Introduction {#Sec1_16}
============

Despite the outstanding successes in control of diseases provided by improved sanitation, immunization, and antimicrobial therapy, infectious diseases continue to be a common and significant medical problem. Infectious diseases take many manifestations. The most common disease of mankind, the common cold is an infectious disease, just as the fearsome modern disease acquired immune deficiency syndrome (AIDS) is. Some chronic neurological diseases that were previously thought to be degenerative have now been proven to be infectious as well.

Infectious diseases are caused by infective agents, pathogens (such as bacteria, viruses, and fungi) or parasites. Some infectious diseases can be passed from person to person. Some, however, are transmitted via animals. Others are acquired by ingesting contaminated food or water or other exposures in the environment. These microbes, especially viruses, are unstable and evolve rapidly.

During the past 30 years, more than 30 new organisms have been identified worldwide \[[@CR1_16]\]. The emergence of the new or newly recognized pathogens, such as the viruses causing novel viral hepatitis, severe acute respiratory syndrome (SARS), Ebola, and highly pathogenic modified strains of influenza virus, has altered the entire insight of public health. There is also increasing awareness of the potential for novel or established infections of animals to cross the species barrier and affect man, such as the avian flu and swine flu. Many old infectious diseases, such as tuberculosis, have become renascent due to relaxation of control measures as a result of satisfaction, increasing resistance to antimicrobial agents, and social factors that include increased travel, social displacement and poverty \[[@CR2_16]\]. Some long established infections have expanded to previously unaffected regions, for example, West Nile virus in North America. The threat of bioterrorism has raised the spectra of new outbreaks of highly infectious and deadly diseases, such as smallpox, anthrax, prion diseases such as variant Creutzfeldt--Jakob disease (vCJD) and plague. There is now some evidence that global climate change might be contributing to the spread of infectious disease \[[@CR3_16]\]. Unless controlled effectively, emerging infectious diseases will take a heavy toll of human life regardless of age, gender, lifestyle, ethnic background, and socioeconomic status.

Infectious diseases may not only cause suffering and death but also impose an enormous financial burden on society hence efforts continue for prevention, care, and treatment of the infectious diseases. Both the conventional and the novel formulation technologies for various drugs, which are described in elsewhere in this book, are also applicable for delivery of the chemotherapeutic agents used to treat infectious diseases via the oral, parenteral, transdermal, and transmucosal routes. However, the focus of this chapter is on vaccines that are used for the prevention and/or therapy of infectious diseases, and that require quite different formulation approaches when compared to those used to deliver conventional drugs.

Vaccines {#Sec2_16}
========

Vaccines for the prevention of infectious diseases have made a major contribution to the improvement in the health of people world-wide during the past century. Vaccines work by presenting an antigen to the immune system to evoke an immune response that improves the body resistance to the effects of an infectious pathogen or a disease process \[[@CR4_16]\]. Receiving a vaccination (antigen) activates the immune system's "memory" allowing the body to react quickly by releasing antibodies to future exposures and thereby destroying the pathogen before it can cause illness (Fig. [16.1](#Fig1_16){ref-type="fig"}). Antibodies, which are also known as immunoglobulins (Ig), are gamma globulin proteins found in blood and are used by the immune system to identify and neutralize bacteria and viruses.Fig. 16.1How does a vaccine work?

Most of the vaccines used today involve killed or attenuated microorganisms (bacteria, viruses, fungi, etc.) or chemically detoxified toxins (toxoids) from bacteria. However, despite the efficacy of killed and attenuated vaccines, there is concern over their safety. Killed bacterial or viral vaccines often have residual toxicity following inactivation and might contain toxic components, such as lipopolysaccharide \[[@CR5_16]\]. To overcome this problem, although often less immunogenic, subunit vaccines composed of purified antigenic components of the microorganism have been developed. Extensive research has been carried out to also identify the antigens expressed on microorganisms that evoke a protective immune response. Recombinant vaccines have been developed, in which genes for desired antigens are inserted into a vector, usually a virus, which has a very low virulence. The vector expressing the antigen may be used as the vaccine, or the antigen may be purified and injected as a subunit vaccine \[[@CR6_16]\]. Among the subunit recombinant vaccines currently available on the market are the Hepatitis B Virus (HBV) Vaccine (Engerix-B^®^, GSK; Recombivax Hb^®^, Merck and Co. Inc) and Human Papilloma Virus (HPV) (Cervarix^®^, GSK; Gardasil^®^, Merck and Co. Inc) based on the ability of the viral L1 capsid protein to form virus-like particles (VLP), which are self assembling particles composed of one or more viral proteins.

DNA vaccines based on the injection of plasmid DNA encoding the protective antigenic protein have also been investigated \[[@CR7_16]--[@CR9_16]\]. The USDA (US Department of Agriculture) recently granted full licensure for a therapeutic DNA vaccine to help extend survival time of dogs with oral melanoma. The first and only USDA approved vaccine, Oncept™, developed by Merial in partnership with the Memorial Sloan-Kettering Cancer Center and the Animal Medical Center of New York, uses a DNA plasmid containing a gene for the human version of tyrosinase, a protein present on melanoma cancer cells in humans and dogs \[[@CR10_16]\]. For the subunit and DNA vaccines to reach their full potential, it is important to get them to the right place, at the right time, in the right condition \[[@CR11_16]\]. Therefore, delivery systems for vaccines need to be advanced and innovative as well. A successful vaccine formulation must be effective; in other words, it should be capable of inducing appropriate immune response; it should be safe to administer and should be stable, reproducible, and easily affordable.

Formulation of Vaccines {#Sec3_16}
-----------------------

Traditional live vaccines based on attenuated pathogens typically do not require the addition of any other agents into the formulation but are generally dispersed in buffer solution, whereas vaccines based on inactivated viruses or bacteria may require adjuvants to enhance their immunogenicity. While subunit vaccines, such as purified protective proteins or carbohydrates, provide a much cleaner, safer, and more immunologically defined alternative to live or killed whole cell vaccines, these vaccines are not sufficiently immunogenic on their own; thus, the use of an adjuvant is required to enhance their ability to evoke effective immune responses \[[@CR12_16]--[@CR14_16]\].

### Adjuvants {#Sec4_16}

Adjuvants are defined as molecules, compounds, or macromolecular complexes that boost the potency and longevity of specific immune response to antigens, causing only minimal toxicity or long lasting immune effects on their own \[[@CR15_16]\]. Adjuvants act by a diverse series of pathways that may involve changing the properties of the antigen, providing a slow release antigen depot, targeting innate immune pathways to selectively activate specific pathways of immunity \[[@CR16_16]--[@CR20_16]\]. In regard to their mechanism of action, the adjuvants can be classified into two groups as follows \[[@CR15_16], [@CR21_16]\]:Immunostimulants: these act directly on the immune system to increase the response to antigens that stimulate immune responses. Examples include TLR (Toll-like receptor) ligands, MPL^®^, cytokines (GM-CSF, IL-2, IFN-γ, and Flt-3), saponins, and bacterial exotoxins (*CT* cholera toxin, *LT* heat labile enterotoxin of *Escherichia coli*).Vehicles (delivery systems): these present vaccine antigens to the immune system in an optimal manner, including controlled release and depot delivery systems, to increase the specific immune response to the antigen, and can also serve to deliver the immunostimulants. Examples include the following: mineral salts (aluminum) \[[@CR22_16]\]; emulsions (montanide^®^) \[[@CR23_16]\], MF59**™** \[[@CR24_16], [@CR25_16]\]; virosomes \[[@CR26_16], [@CR27_16]\]; liposomes; biodegradable polymeric microparticles; and immune stimulating complexes -- ISCOMs.

Currently, there are very few adjuvants and delivery systems licensed for human use. These include Alum, MF59™ (an oil-in-water emulsion containing nonionic surfactants and squalene incorporated in influenza vaccines, Fluad^®^ and Focetria^®^, Novartis), AS03 (10% oil-in-water emulsion containing squalene incorporated in pandemic H1N1 influenza vaccine, Pandemrix^®^, GSK), MPL^®^ (monophosphoryl lipid A), AS04 \[Alum + MPL^®^, incorporated in Human papilloma virus vaccine, Cervarix^®^, and hepatitis B virus (HBV) vaccine, Fendrix^®^, GSK\], virus-like particles (VLP) (self-assembling particles composed of one or more viral proteins); immunopotentiating reconstituted influenza virosomes (IRIV) (Epaxal^®^, hepatitis A virus particles adsorbed on the surface of the IRIV, and Inflexal^®^ V, influenza, Berna, a Crucell Company), and cholera toxin. Safety of adjuvants still remains an important issue, as many of the adjuvants are reported to show some undesired effects \[[@CR28_16], [@CR29_16]\].

### Preservatives {#Sec5_16}

Preservatives such as phenol, benzethonium chloride, and 2-phenoxyethanol are also added into formulations to prevent bacterial and fungal growth in some vaccines during storage, and particularly during the use of opened multidose vials. Thiomersal (also known as thimerosal; mercurothiolate and sodium 2-ethylmercuriothio-benzoate), which is approximately 50% mercury by weight, is one of the most commonly used preservatives in vaccine formulations. It has also been used during vaccine production both to inactivate certain organisms and toxins and to maintain a sterile production line. Recently, there have been some concerns about the safety of this compound due to its mercury content. Such safety concerns have led to initiatives in some countries to eliminate, reduce, or replace thiomersal in vaccines, both in single dose and multidose presentations. However, the WHO Global Advisory Committee on Vaccine Safety \[[@CR30_16]\] continues to recommend the use of vaccines containing thiomersal for global immunization programmes because the benefits of using such products far outweigh any theoretical risk of toxicity.

### Stabilizers and Solubilizers {#Sec6_16}

Stabilizers and solubilizers such as polyoxyethylene sorbitan monooleate (Tween^®^ 80), t-octylphenoxypolyethoxyethanol (octoxynol 9, Triton^®^ X**-**100) are added into vaccine formulations to improve formulation characteristics such as dispersibility. Sugars such as sucrose and lactose, amino acids such as glycine or the monosodium salt of glutamic acid, and proteins such as human serum albumin or gelatin are also added as stabilizers. They are sometimes added to help protect the vaccine from the effects of adverse conditions such as are encountered in the freeze drying process, for those vaccines that are freeze dried.

Most vaccine preparations have to be stored within a specific temperature range to maintain potency. The "cold chain" system (often 2 to 8°C) is a means for storing and transporting vaccines in a potent state from the manufacturer to the person being immunized (Fig. [16.2](#Fig2_16){ref-type="fig"}). This approach is very important since all vaccines lose potency over time if exposed to heat and/or when frozen \[[@CR31_16]\]. However, for innovative technology based vaccines, the cold chain system may be very costly due to the requirements for significantly more space in transportation and storage. Therefore, development of thermostable vaccine formulations becomes an important consideration.Fig. 16.2Schematic presentation of cold chain for vaccines

Vaccine Delivery Routes {#Sec7_16}
-----------------------

The vast majority of vaccines are delivered intramuscularly (im) or subcutaneously (sc) using a needle and syringe. Traditionally, the intradermal (id) route for delivery has been used as the route of choice for only a very limited number of vaccines, such as Bacille Calmette Guérin (BCG) for tuberculosis (TB), and in some countries, for postexposure rabies vaccination. However, over the past few years, the use of the intradermal administration as an alternative delivery route for several other vaccines including hepatitis B (HBV), measles, and influenza has attracted attention due to the possible advantages it offers compared to the intramuscular and subcutaneous routes. These advantages include reduced dose (therefore reduced cost and improved access to vaccines with limited supply), improved safety, and improved logistics \[[@CR32_16]\].

However, there are concerns over inadequate safe injection practices such as reuse of equipment, unsafe collection, and unsafe disposal (resulting in risk of infections and disease transmission, e.g., HIV via contaminated syringes) as well as the availability of trained personnel to administer injections safely. These problems are more critical during mass campaigns when millions of doses of vaccine are administered. Furthermore, patient compliance is restricted with injection. All of these concerns lead to the search for alternate, noninvasive means of vaccine delivery that do not require a needle and syringe. These studies have been accelerated by recent concerns regarding pandemic disease, bioterrorism, and disease eradication campaigns. Noninvasive vaccine delivery would allow large mass vaccinations to be possible by increasing the ease and speed of delivery, and by providing improved efficacy, safety and compliance, decreasing costs, and reducing pain associated with vaccinations. Methods currently in use and under development are focused on needle free injection devices, transcutaneous immunization, and mucosal immunization.

### Transcutaneous Immunization {#Sec8_16}

Transcutaneuos immunization (TCI) is a novel vaccination route involving the topical application of vaccine antigens onto the skin surface \[[@CR33_16]\]. It has been shown that skin has an effective immune system, and its physical barrier is not as impermeable as previously thought; hence, it became an attractive route for noninvasive delivery of vaccines. Studies in several animal species and clinical trials in humans have established the proof of principle \[[@CR34_16]\].

### Mucosal Immunization {#Sec9_16}

Mucosal immunization has focused on oral, nasal, and aerosol vaccines. Vaccines that induce protective mucosal immunity are attractive since most infectious agents come into contact with the host at mucosal surfaces. Mucosal delivery of vaccines allows concerted action against diseases caused by pathogens that either invade through, or cause disease at, mucosal surfaces \[[@CR35_16]\]. The general approach is to combine systemic response and local mucosal immune response to induce specific protection in distant mucosal sites \[[@CR36_16], [@CR37_16]\].

Vaccine Delivery Systems {#Sec10_16}
------------------------

In response to fears of injection (needle and syringe) mentioned above, alternative delivery technologies have been developed and some of them have already become available on the market. The World Health Organization (WHO) has undertaken a prioritization exercise to determine which delivery technologies (such as jet injector, nasal, aerosol, transcutaneous, ballistic) will be the most feasible and have the greatest impact for existing and future vaccines that will set the global vaccine delivery agenda for the forthcoming years \[[@CR38_16]\]. New immunization supportive technologies anticipated by 2015 are jet injectors, vaccine patches, vaccine nasal sprays, vaccine aerosols, and thermostable vaccines \[[@CR38_16]\].

### Needle Free Injection {#Sec11_16}

Jet injectors are needle free devices that deliver vaccine through a nozzle orifice via a high pressure, high speed narrow stream that penetrates the skin \[[@CR39_16]\]. They generate improved or equivalent immune responses compared to needle and syringe. A vaccine can be delivered to intradermal, subcutaneous, or intramuscular tissue depending on the mechanical properties of the fluid stream \[[@CR40_16]\]. Multidose jet injectors were used widely in the 1960s--1980s, with billions of immunizations given with these devices. However, concerns about the transmission of blood borne diseases via these devices led to their withdrawal. New generation multidose jet injectors with disposable caps on the nozzle have been developed in an attempt to overcome this risk; however, they were not found to be adequately safe \[[@CR46_16]\]. The older injectors that used the same nozzle on consecutive patients have been superseded by a new generation of disposable cartridge jet injectors (DCJIs), which are currently being used in the USA for needle free immunization in adults and pediatric populations with several vaccines (Fig. [16.3](#Fig3_16){ref-type="fig"}). The devices currently in use are relatively expensive and not suited for use in developing countries; hence, the development of smaller, lighter, and cheaper designs, which could be applicable for both routine and campaign immunization, is required.Fig. 16.3Disposable-cartridge jet injectors (DCJIs) for intradermal (skin) injection for flu vaccination (CDC Web site -- Needle Free injection technology)

### Vaccine Patches {#Sec12_16}

Travelers' Diarrhea (TD) Vaccine Patch (Intercell) has been reported to have entered clinical Phase III development \[[@CR41_16]\]. The TD vaccine system consists of a self-adhesive patch containing the vaccine antigen and a single use device used to prepare the skin at the site of patch administration (the Skin Preparation System), which partially disrupts the stratum corneum of the skin. The dry patch contains the antigen in a stabilizing excipient formulation and delivers the antigen to the skin. Activated Langerhans cells take up the antigen and deliver it to the draining lymph nodes. If approved, it will be the first vaccine delivered with a patch and to prevent TD, which is caused by enterotoxigenic *E. coli*. (Note added in proof: Development of this product was halted following failure in Phase III.)

Similarly, a patch containing a trivalent inactivated influenza vaccine (TIV) has been developed in a dried, stabilized formulation for transcutaneous delivery \[[@CR42_16]\]. The dry TIV patch has been described as a major advance for needle free influenza vaccination due to its effectiveness in vaccine delivery and its superior thermostable characteristics.

### Vaccine Nasal Sprays {#Sec13_16}

The nasal route offer several benefits to the administration of vaccines, such as its highly vascular mucous membranes, low enzymatic degradation compared to oral vaccines, and greater acceptability to patients. Nasal vaccines, however, have to overcome several limitations, including mucociliary clearance and inefficient uptake of soluble antigens. Therefore, nasal vaccines require potent adjuvants and delivery systems to enhance their immunogenicity and to protect their antigens. Among the various bioadhesive polymers studied for nasal vaccine delivery, chitosan has been shown to exhibit advantages as a vaccine carrier due to its immune stimulating activity and bioadhesive properties that enhance cellular uptake, permeation and antigen protection, as well as being well tolerated by humans \[[@CR21_16], [@CR43_16], [@CR44_16]\].

FluMist^®^ (MedImmune, LLC, the USA) is the first FDA approved needle free influenza vaccine made from a weakened live virus (Live, attenuated influenza vaccine -- LAIV). It is given as a gentle mist, with a quick spray in each nostril. FluMist^®^ is engineered to not cause disease, and replicates efficiently only in the cooler temperatures of the nasopharynx, but not in the warmer temperatures of the lower respiratory tract. Influenza A (H1N1) 2009 Monovalent Vaccine, Live (MedImmune, LLC, the USA) is the second nasal vaccine that has been approved recently by the FDA for pandemic influenza. Neither of these vaccine formulations contain any adjuvants.

### Vaccine Aerosols {#Sec14_16}

The Measles Aerosol Project was established in 2002 by WHO, in collaboration with the US Centers for Disease Control and Prevention and the American Red Cross, with the purpose of conducting the necessary studies to achieve the licensure of a product (device and vaccine) administered through this route \[[@CR45_16]\]. It has long been recognized that new delivery systems may facilitate measles immunization efforts, especially mass campaigns, and that such approaches may facilitate the long-term sustainability of measles mortality reduction and measles elimination goals. Studies are to be undertaken for at least three devices for aerosol administration of reconstituted vaccine and, if feasible in the time frame, a dry powder device.

### Particulate Delivery Systems {#Sec15_16}

Vaccine delivery systems are generally particulate systems, e.g., emulsions, polymeric micro/nanoparticles \[[@CR47_16]--[@CR53_16]\], ISCOMs \[[@CR54_16], [@CR55_16]\], and liposomes \[[@CR56_16], [@CR57_16]\]. They mainly function to target associated antigens into antigen presenting cells (APC), including macrophages and dendritic cells, which facilitate the immune response by holding antigens on its surface and presenting them to lymphocytes. Significantly enhanced immune responses have been reported with encapsulation or adsorption of antigens onto particles. Polyanhydrides, polyorthoesters, hyaluronic acid, and poly(lactic-*co*-glycolic acid) (PLGA) are the most commonly investigated polymers for the preparation of particulate systems \[[@CR58_16]--[@CR60_16]\]. Preparation methods employed to obtain such systems have been reported to be an important parameter for the stability of the antigen. In many cases, an organic solvent and high temperatures are needed for preparation of the particles, which may result in degradation and denaturation of the antigen during processing or after loading \[[@CR61_16], [@CR62_16]\]. The use of alginates \[[@CR63_16], [@CR64_16]\] and chitosan offers advantages over other polymers by avoiding use of organic solvents and requiring mild conditions for preparation \[[@CR43_16], [@CR52_16], [@CR65_16]--[@CR67_16]\].

Particulate systems with a particle size smaller than 10 μm were reported to significantly improve the immune response \[[@CR61_16]\]. However, a variety of systems within a wide range of particle size (between 5 nm and 10 μm) have been investigated for antigen delivery \[[@CR51_16], [@CR68_16], [@CR69_16]\]. These investigations showed that there was no clear confirmation that decreasing the particle size of the delivery system improved the immune response. Also there is still an inconsistency in the literature about the differential uptake of nanoparticles by antigen presenting cells (APCs), which changes according to the particle and antigen properties as well as the application route. Currently, there are no vaccine products available on the market based on polymeric particulate systems.

### Oral Mucosal Vaccines {#Sec16_16}

Oral immunization with vaccines against intestinal infectious diseases has been extensively explored for several decades. Despite the immunologic and economic rationale behind oral immunization, only a few mucosal vaccines are available for the prevention of mucosal infections due to the limited absorption from the intestinal tract and sensitivity to degradation. "Oral" polio vaccine (OPV) contains live but weakened poliovirus and is the WHO-recommended vaccine for polio eradication. However, because of the risk of a rare, but serious, condition called vaccine-associated paralytic poliomyelitis, the use of the oral polio vaccine in the USA was discontinued in 2000.

Currently, two oral vaccines have approval from the FDA. These are Typhoid Vaccine Live Oral Ty21a (Vivotif^®^, enteric coated tablet, Berna, Ltd), and Rotavirus Vaccine, Live, Oral (Rotateq^®^, ready-to-use liquid doses, MSD; Rotarix^®^, a lyophilized vaccine that is reconstituted with a liquid diluent in a prefilled oral applicator, GSK) \[[@CR70_16]\].

### Edible Plant Derived Vaccines {#Sec17_16}

Recently, new live-attenuated bacterial and viral or edible plant derived vaccines have been introduced for oral vaccination \[[@CR39_16], [@CR71_16]\]. Plants are used as recombinant biofactories to express a number of vaccines \[[@CR72_16]\]. Plant derived vaccine antigens have been found to be safe and induce a sufficiently high immune response in humans. Hence transgenic plants, including edible plant parts, have been suggested as excellent alternatives for the production of vaccines and economic scaleup through cultivation \[[@CR73_16]\]. Such edible encapsulation protects the antigen through the mucosal and gut systems to allow its uptake. Furthermore, oral plant based vaccines are reported to be stable during storage at ambient temperatures, thereby eliminating the need for a cold chain. In addition, they do not require syringes, needles, or trained personnel for administration \[[@CR74_16]\]. These features also favor use of these vaccines for large scale immunization programmes, particularly in developing countries where resources to provide a cold chain and the equipment and personnel needed for injections are limited. Initially the transgenic fruit or vegetable expressing an antigen from a virus or bacteria as the edible vaccine was intended to be eaten raw without any processing to evoke the protective immune response against a particular disease. However, recently the approach to "edible vaccines" has been replaced by "plant-derived vaccine antigens." This approach results in the antigen in a pure form and at standardized concentrations \[[@CR73_16]\]. In general plants with high food value are being chosen as expression systems such as apple, banana, tomato, and guava (fruits), peanut, corn, soybean, and chickpea (seeds), cabbage, lettuce, potato, and spinach (vegetables) \[[@CR73_16]\]. Recently, a rice based mucosal vaccine expressing CT-B (MucoRice CT-B) has been reported as a new possible form of oral cholera vaccine \[[@CR75_16]\]. Transgenic rice has been shown to be stable in the harsh environment of the gastrointestinal tract, also eliminating the need for syringe/needle administration as well as the cold chain storage process, and providing physicochemical stability. However, it has been pointed out that a highly sophisticated and a closed soil-less farming facility with artificial sunlight would be required for technical advancement of the rice based transgenic vaccine system.

Therapeutic Vaccines {#Sec18_16}
====================

Vaccines are by definition prophylactic, but in recent years therapeutic vaccines have been developed for chronic viral infections such as those caused by hepatitis B virus, human papilloma virus (HPV), herpes simplex virus, and HIV \[[@CR76_16]\]. Therapeutic vaccines are intended to treat persistent, recurrent, or chronic infections, where drug intervention is either ineffective or suboptimal, and where intracellular pathogens have established mechanisms to escape from the immune system \[[@CR77_16]\]. Unlike the traditional vaccines, which are administered to healthy individuals to prevent infection, therapeutic vaccines are designed to stimulate immune defences in patient populations after they have been infected/colonized with a pathogen, or even after they developed a disease. Therapeutic vaccination is proposed as an satisfactory replacement for, or as an adjunct to, existing therapies \[[@CR78_16]\].

Concluding Remarks {#Sec19_16}
==================

There are always risks and benefits associated with the use of vaccines. The side effects of vaccines are often reported; however, considering the fact that a person is at risk from most infections, and that more and more reports are confirming the safety of vaccines, immunization should be considered the first line of defense against infectious diseases. In response to challenges in global immunization, WHO and UNICEF have developed the Global Immunization Vision and Strategy (GIVS), which covers the period 2006--2015 \[[@CR79_16]\]. This strategy aims to assist countries to immunize more people, from infants to seniors, with a greater range of vaccines, and introduce a range of newly available vaccines and technologies to fulfill their main mission of "a world in which all people at risk are protected against vaccine-preventable diseases."

As a formulator, we also have a mission in the immunization of people, i.e., "to develop safe and more potent vaccine delivery systems, which are stable at all temperatures, self-administrable, with suitable packaging for storage and transportation, and which are affordable."
